Abstract. There exists axis errors when using the digital zenith camera to orient. And the misalignment between the optical axis and rotation axis will lead to much more error. In order to calculate the coordinate of the rotation axis, two star images in opposite direction are used. Then analyses the influence of the optical axis deviation and the rotation angle. The analysis of experimental data demonstrates that: the method is reasonable, the optical axis and the rotation axis are uncorrelated. When the rotation error is below 40 arc second, the influence of the rotation error can be ignored.
Introduction
The use of digital zenith camera for astronomical positioning is a high-precision astronomical positioning method [1, 2] . The digital zenith camera shoots through the rotation of the star map in different orientations [3] . The star map is combined with the star chart for the identification of the star map and the image coordinate system between the image coordinate system and the celestial plane conversion relationship, After several iterations, the solution of the location of the station is realized [4] .
In the positioning solution, the existence of the error will directly affect the accuracy of the solution. There are many sources of error in the process of positioning with digital zenith camera [5, 6] . Which the existence of shaft error will bring a greater error. Because of the reason of the CCD installation, the optical axis and the axis of the digital zenith telescope will not coincide completely. Germany's Hirt uses the initial value iteration method to solve the value of the rotation axis [7] . Zeng Zhixiong proved that the astronomical coordinate of the optical axis of the symmetrical position can be used to calculate the astronomical coordinate value of the rotating axis in theory [8] . But the above method of solving the process are more complex. Zhang Hua-wei et al. Have also studied the problem of the solution of the rotating axis, but the research content is mainly embodied in theory and not concretely deduced with specific model [9] . For the rapid and effective solution of the coordinates of the rotation axis, in this paper, the coordinate of the rotation axis is directly solved by the symmetrical position using the four-parameter model, and the influence of the optical axis deviation and the rotation angle error on the rotation axis is analyzed theoretically.
Astronomical Positioning Principle
Digital zenith photographed the star map in the zenith, through the shooting of the star map to identify the establishment of image coordinates and celestial plane between the coordinates of the conversion relationship, the number of iterations after the final realization of the location of the location of the station. The CCD star sensor to capture the star point to identify, to establish the identification of the stars of the CCD image coordinates and celestial plane plane coordinates. Where the CCD image coordinates are based on the origin of the optical axis as the origin. The mapping relationship between image coordinates and celestial plane coordinates is established by four parameter transformation (Helmet transform). There are:  , and take its average ( , )  , as the rotation axis of the celestial coordinates.
The solution of the coordinate axis of the rotating axis is transformed into the celestial tangent plane coordinates, The coordinates 11 () x , y and 22 () x , y of the axis of rotation of the axis of symmetry are calculated by (1) , respectively, and the mean value () x, y is taken. 
The newly settled value () x, y is used as the new image coordinate value of the rotation axis. Substituting the (1) 
Repeat the above steps until the astronomical coordinate values that meet the accuracy requirements are obtained.
A New Method Of Solving The Rotary Axis
In the process of positioning, there is an inconsistency between the optical axis and the rotating shaft, that is, the optical axis and the rotation axis are not completely coincident with each other. Therefore, it is necessary to eliminate the error due to the inconsistency between the optical axis and the rotation axis. As shown in Fig. 1 , the CCD causes the CCD to tilt due to mounting errors during the installation, so that the optical axis and the rotation axis are offset from each other. However, the angle between the rotary axis and the optical axis does not change during the rotation of the star image, and the optical axis rotates around the rotation axis. 
The new astronomical coordinates corresponding to the rotation axis are solved by rotating the axis image coordinatesRepeat the above calculations until the astronomical coordinates are met.
The Effect of Optical Axis and Rotation Angle Error on the Axis Of Rotation
In the positioning of the zenith, the use of the symmetric position of the star map to calculate the rotation axis, the rotation axis of the calculated value and the optical axis and rotation angle error has a direct relationship. Therefore, it is necessary to study the position of the rotating shaft from two aspects: the change of the position of the optical axis and the rotation angle error.
The Effect of the Selection of the Optical Axis Position on the Position of the Rotary Axis
In the actual use of digital zenith camera positioning process, the optical axis as the CCD center, the value of (0,0). The image coordinate system is established with the optical axis as the coordinate origin, and the location of the station is realized by establishing the mapping relationship between the image coordinate system and the celestial plane coordinate system. However, in practice, some external factors such as optical distortion of the instrument result in some deviations in the center of the optical axis. This will cause changes in image coordinates. Assuming that the center axis deviation of the optical axis is ( x, y)  , the image coordinate system is established with the new optical axis center as the coordinate origin. The relationship between the new coordinate system and the original coordinate system is: 
The deviation value of the rotating shaft and the optical axis. There is no change in the position of the rotation axis on the CCD image. It is shown that the arbitrary selection of optical axis does not affect the calculation of the rotation axis.
The Effect of the Rotation Angle on the Position of the Rotary Axis
Solving the position of the rotary axis requires a star map taken at a symmetrical position, but there is a corner error during the rotation. This causes the position of the rotary axis to change.
Fig .2 The schematic diagram of rotation As shown in Figure 2 , position 1 is the initial position and position 2 is the ideal position after 180 ° of rotation. Position 3 is the actual position after symmetrical rotation. In the ideal state, the rotary axis should be at the O-point position, but due to the angular error during the rotation, the actual rotation angle does not reach the fully symmetrical state, and O 'is the actual coordinate of the rotation axis.
Due to the existence of the rotation angle error, the rotation axis has a certain deviation
Where r is the distance between the optical axis and the rotary axis, and  is the rotation angle error value.
In the course of the experiment using the digital zenith camera pixel 4096 4096  , the viewing angle of 
Can be solved 40"   That is, when the rotation angle error is less than 40", the influence of the rotation angle error on the final settlement result is negligible.
Experimental Data Processing and Analysis
In the course of the experiment, a digital zenith camera was used to photograph the star map. A set of star images contained 16 star maps, and two star maps in the symmetrical position were used as a solution unit. The partial identification of the star data is given below.
Tab. In order to study the relationship between the coordinate of the rotation axis and the coordinate value of the optical axis, the coordinates of the optical axis are (0,0), and the image coordinate system is established. And then the optical axis deviation value (10,6), the establishment of the image coordinate system, the solution of the rotation axis in the new coordinates of the image coordinates.
Tab. Table 3 shows that when the optical axis deviation, the value of the rotation axis will also produce the corresponding deviation value. However, relative to the entire CCD image, the position of the rotation axis does not change, but because the coordinates of the origin changes, the coordinate value in the new coordinate system under the corresponding changes only.
The astronomical coordinate values corresponding to the position of the optical axis before and after the optical axis change and the astronomical coordinate values corresponding to the rotation axes are calculated. Fig.3 The astronomy coordinates since the optical axis changes It can be seen from the figure that the change of the coordinate value of the optical axis will cause the astronomical coordinates of the optical axis to change, but the celestial coordinates of the rotating axis remain unchanged, that is, the astronomical coordinates of the rotating axis do not change with the coordinate value of the optical axis The This also indicates that the change in the optical axis does not change the position of the rotary axis.
Conclusion
Using the symmetrical position to directly solve the rotation axis position coordinates simplifies the process of solving, and the value of the solution is consistent with the value calculated by the initial value iteration. The coordinate value of the rotary axis is affected by the rotation angle error, but when the error value of the rotation angle is within, the influence of the rotation angle error on the final settlement result is negligible. In addition, the value of the rotation axis will produce the corresponding deviation value with the deviation of the optical axis. However, the position of the rotary axis on the CCD does not change, indicating that the astronomical coordinate value of the rotary axis does not correspond to the position of the optical axis Changes have changed.
